INTRODUCTION
IT appears to-day that, after nearly a hundred years of controversy, the solution of the problem of pathogenesis of glaucoma has entered its final phase. The literature concerning this theme was immense. Some of the authors approached the problem w4ith a modern outlook, but Leber's classical theory, with which their results did not agree, could not be rejected. After a time they formed a new conception based on their own observations. Though the vascular system was often mentioned, the old conception of the path2genesis of glaucoma-remained unchanged.
One thing was clear, namely, that primary glaucoma was not a local disease of the eyes, but an eye complication of some organic or constitutional disturbance still unknown (Gordon 1938 , DukeElder 1945 . It was apparent that the problem of the pathogenesis of glaucoma could only be solved analytically. This method was used in the study of glaucoma, published in 1946. When analysing the\ origin of hypertension, the anatomical findings, clinical observations and the effects of treatment, the following conclusions were made, glaucoma is the expression of stasis in the venous system and the eye capillaries. It has its origin partly in organic vascular changes with a more or less marked spastic factor and partly in changes in function (vasoneurosis). When ocular hypertension was analysed, it was clear that the problem was one of the intra-ocular fluid and blood circulation. These problems, which are so closely connected, are identical with the question of the peripheral circulation and of fluid-balance. It is therefore necessary to observe the function of the peripheral arterial circulation in glaucoma. The disorders of the peripheral arterial circulation in glaucoma, as already mentioned, are not only local but general., Some of the authors noticed a possible pathogenic connection with the circulation; on the contrary the majority 4. DIENSTBLIER, J. BALIK at,zd HI. KAIEA x-ere satisfied with the old conception. They believed that ocular hypertension caused all the disorders which appear in the evolution of glauconma, including the circulator+-disorders. The word glaucoma and ocular hypertension were synonymous. Nothing c(hanged this belief, not even the so-called glaucoma without lhy-pertension-the disease where the second main sign of glaucoma is predominant, namely, the excavation of the papilla of the optic nerv,e without an increase in intra-ocular pressure. This form of glaucoma has a long history. It begins with Graefe's 'amaurosis whit excavation," then the term glaucoma without hlypertension and pseudoglaucoma and later the term incomplete golcucoma. It was necessary to change this term, because the excavation wlhich could have its origin in hypertension, can exist \xithout it. Regarding the influence of eye hypertension it X-as said that the hypertension might be only small or transitory (Donders) . No proof could be obtained from anatomical findings, Schnabel (1892 findings, Schnabel ( -1905 , described the lacunar degeneration of the nerve-fibres in the optic nerve with glaucomatous excavation. This condition, which was similar to changes occurring in the brain, was called " status lacunaris " byt Pierre Marie He described vacuoles formed in the optic nerve by the joining of the laccunae, and causing depression of the papilla. The author himself discovered that the causes of these disorders were angiosclerotic retrobulbar lesions, namely lesions of Haller's arterial circle. Thus Schnabel definitelv rejected the view of the pressureorigin of excavation. In spite of his clear proofs and the work of his followers, his opinion of the origin of glaucomic excavation is not generally accepted, even to-day (Elschnig, Ichikawa, Langrange, Beavieux, Gallanga, Magitot, etc.) . Experimental results and clinical experience are not sufficient. Artificial hvpertenision produiced by ligature of the veins did not give rise to excavation even after five months. Clinical cases are well known where the function of the eye restored by operation, deteriorates progressively, even without hypertension. This might be considered as evidence of disturbed tissue-nutrition.
REPORT OF THE METHODS USED AN!) OF OUR O1WN OBSERVATIONS XVheni estimating ocular hypertension it is seen that there are problems which are in close connection with the peripheral blood circulation and fluid-balance. As already mentioned, these problems led to our examination of patients suffering from glaucoma, with particular reference to the examination of the cardiovascular syvstem. The colloid osmotic pressure of the plasma-proteins was estimated, and the investigation completed by a series of tests leading to the explanation of the plasma-protein spectrum. The blood cholesterol and urine were examined, and Wassermann reactions ascertained.
A total of 97 patients were examined: 23 with acute inflammatory, 14 with chronic simple, 37 with chronic inflammatory and 23 with secondary glaucoma. A. Examination of the cardio-vascular system A statistically important relation was found between vascular hypertension and glaucoma -hypertension being found in our series more frequently than in patients of the same age using the hypertension table of Robertson and Brucer from Vancura. In the group of secondary glaucoma, deviations were not so striking.
Because even the highest diastolic readings are comparatively low, hypertension due to loss of elasticity of the vascular wall can be excluded. Systolic hypertension could be expected in our patients on account of their age, but radiological findings show signs of arteriosclerosis. The ECG showed mostly left ventricular preponderance, which is usually caused by hypertension. Some findings, such as auricular fibrillation, prolonged P-R interval, infarctions and possibly bradycardia are signs of coronary sclerosis. \ In conclusion it may be said that glaucoma with hypertension is quite evident in 95 cases where the examination of the cardiovascular system was made. It is not possible to characterize this co-existence more closely. But it can be stated with certainty that the patients of this group suffer from vascular disease.
It is necessary to complete the examination of the peripheral abnormalities of the vascular system by the determination of the oscillatory index and capillaroscopy. Before making the examination a detailed family and personal history was taken for evidence of cardiovascular disease.
Patients suffering from acute glaucoma often complained of paraesthesia of the limbs, digiti mortui, cyanosis, intermittent claudication, migraine, hypertension, diabetes, varicose veins and their complications and urticaria, as seen from their personal histories. These complaints confirm the presence of vascular disease. This positive history was more frequent in chronic inflammatory glaucoma (42), than in acute inflammatory glaucoma (22), and in secondary glaucoma (12) . Excitability is considered a sign of a labile vascular system by many authors. This was found in chronic inflammatory glaucoma 16 times, in acute inflammatory 10 times, in secondary glaucoma 9 times, and in chronic simple glaucoma only twice.
Oscillation was determined by means of the oscillotonometer in the usual way above the ankle, above and below the knee-joint, Capillaroscopy: the capillaroscopic determinations were made by the Zeiss capillaroscopic microscope. The capillaries of the nailrim, the flexor sides of the fore-arm, the outer part of the arm above the olecranon and the left infraclavicular region were examined. From the findings it was possible to estimate the condition of the capillaries. Schmelzer found a definite hyoercholesterolaemia in the majority of the examined patients who were suffering from glaucoma. We could not confirm this finding in the 97 patients examined. The decrease in cholesterol esters which was found in all forms of glaucoma was most striking. We searched in vain for an explanation in the literature. It is thought that this decrease in cholesterol esters is related to the changes in cholinesterase and choline (the latter being a lipotropic substance). But this would need a direct proof.
The urine examination. The first morning specimen of urine was examined qualitatively and microscopically. We wanted to know whether disease of the kidney is related to the hypertension occurring in glaucoma. We did not find any connection except some rare cases of diabetes or chronic nephritis confirmed by the history. Inflammatory diseases of the urinary tract often occurred in wvonen.
C. As a supplement to the blood examination t,he llassermnan'u test and the gonoreaction were performed. Positive results were rare and unassociated with the condition. VASCULAR OR1GIN OF GLAUCOMA Discussion The examination of our patients suffering from glaucoma showed that the pathological findings were to a large extent lesions of the cardio-vascular system. This confirmed our conclusions about the functional and organic changes in the vascular system. These conclusions are in agreement with the findings of many authors. When the rest of the war literature accessible only to-day is reviewed, and the literature since 1945, many authors are found to agree with the vascular origin of glaucoma. Magitot considers the increase in intra-ocular pressure to be due to an increase in capillary permeability occurring as a result of vascular disease. On the contrary, atrophy of the optic nerve indicates another process, which causes vascular obliteration and lacunar degeneration. This obliteration is probably an anatomical obstruction which is the result of sclerotic narrowing of the lumen of the arteries. The spastic factor contributes in the early stages as in an all vascular processes. Only later are the walls under the influence of obliterative degeneration. Redslob also considers lacunar degeneration of the optic nerve to be the main cause of excavation. Sjogren holds the same opinion. Weekers considered that changes in the ocular vascular system were the cause of glaucoma. The lesions affect the uvea, retina and optic nerve. The three main symptoms of glaucoma correspond to these three localizations: ocular hypertension, loss of the visual field and atrophy with excavation of the papilla. These three symptoms appear generally together, but not always. Thus the author deals with the expression of incomplete glaucoma (mono-and bisymptomatic glaucoma). Ge'rard agrees with Weekers. In the pathogenesis of glaucoma the vascular phenomena are primary-this is said by Venco. Cristini considers that changes in the arteriolar vessels of the uvea are the cause of glaucoma. Morax in his contribution to the study of the pathogenesis of glaucoma considers that the vascular-cihanges which are so constant in glaucoma are the dominating influence.
In These papers stress the vascular pathogenesis of glaucoma, and inention the participation of the organo-vegetative system and the ductless glands -partly in isolation, and partly in connection with the autonomic nervous system. Indisputably the autonomic nervous system has an influence, especially througlh innervation of the carterial xxalls but this influence is inconstant and accessory. Symnpathetic hypertension helps to promote an ischa.emic crisis, just as parasympathetic hypertension discourages local angiospasm but is not able to neutralize it. The di-encephalic centres play an illmpor-tant part in the general regulation and co-ordination of the various autonomic centres as observed in all the higlher centres of the aautonomic svstemii. Thouglh their imnportance is considerable they clo not always participate. As in all other lligher autonomic centres of the cerebrospinal sy-stem, a loss in function after the plhlase of transient damniping causes a freeing of activitv of the lower centres whiclhl will take over autonomy.
Failure may he to a certain extent compens.ated by the activity! of the lower centres. This was proved experimentally, and many clinical observat-ions also confirm it, e.g., extensive destruction of tlhec di-encephalic sphere (bh tumour, inflarmmation, etc.) were aissocia-te(d with i110 autonoml-ic symptols. In two cases Cusling r-enmoved the whole infundibdblo-ttuberail area, but he saw no important sigins (Tinel).
It is texidentt that some authors explaining the influence of emlotion Onl glaucomia failed to mlentioli the activity of important intra-miural centres. There is a nexv danger that we shall nlot succeed in discovering the patlhogenesis of glaucoma. The final explanation of the wlhole problemi will be again postponed. Siurelys the autonomniic cenitres have ain influence, but these are the peripheral and intramurnal centres whi-ch form witlh the vessel together an anatomical and functional unit. OnlIr in this sense it is possible to spealk about the influence of the autonomic system in glaucoma.
.\lany svndromes can appear as well as increased and decreased irritation of the central regulative systems. Syndromes showing excessive activity or functional inactivity of some peripheral autonomic centres do not depend on functional changes in the sympathetic or parasympathetic system. The changes in activity are brought about directly by disorders of the mural systems. This increased or decreased irritation can be constitutional, congenital and hereditary. Other conditions associated with increased irritation are certainly acquired. This acquired increase of irritation has different-causes: (1) repeated reflex excitation (approximating to 'conditioned reflexes); (2) humoral, autotoxic causes, perhaps in connection with slight renal and hepatic insufficiency, intestinal intoxications, arthritic diathesis, etc.; (3) glandular causes, e.g., Graves' disease, puberty, menopause or the menstrual cycle; (4) anaphylactic manifestations; (5) psychological disorders, especially emotion. These different factors nearly all lead to the activity and fixation of the different active or paralysing substances on the automatic nervous centres (Tinel). It is the increased and decreased irritation-namely, dystonia of the autonomic vascular intramural system-which enables us to explain the signs occurring in the course of glaucoma, the socalled inflammatory signs, especially in young subjects where we cannot expect structural vascular lesions. It is similar to the simple vasomotor syndromes of other peripheral arteries, especially Raynaud's disease, which is a vasomotor neurosis in which spasni plays a primary part. Sclerotic vascular lesions are found only in the later stages of the disease as a consequence of prolonged vasomotor ischaemia. These lesions complicate and aggravate the syndrome, making the changes irreversible.
According to Claude, it is one of the most striking examples of, a change from a functional, dynamic and paroxysmal lesion into an organic, permanent and irreversible syndrome (Tinel) . There are also cases where the spasm is secondary to a primary arterial lesion. In these cases there is a more marked narrowing of the vessels. It is generally known that angiospasm is associated with arteriosclerosis. The familial occurrence of inflammatory -glaucoma, the marked incidence of glaucoma in certain families, the appearance of acute crises and their spontaneous disappearance, the effect of temperature, the influence of emotional factors all suggest a spastic factor. Some clinical manifestations are otherxvise quite unexplainable; e.g., the crisis of transitory amblyopia, the changing of scotomata and all the disorders which subside after disappearance of the inflammation. On the other hand, chronic simple glaucoma which tends to come later and to get progressively worse is probably the result of a predominantly anatomical lesion. The section of the book dealing with practical lines of treatment is good, and it is refreshing to find that Mr. Giles appreciates the value of simple forms of apparatus. It is a pity that the author, although realising that ocular palsies are outside the scope of the book, has included two misleading diagrams (Figs. 16 and 21 
